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XXXIX.-Note m the Melting Points, and their Relation to the 
Solubility of Hydrated Salts. 
By WI~LLIAM . TILDEN, D.Sc., F.R.S. 
IN a paper read before the Royal Society last June, and since printed 
in the Philosophical Transactions, Mr. Shenstone and I drew attention 
to the relation observable in the solubility of salts in water at  tem- 
peratures above loo", and the melting points of the same salts in 
the anhydrous state. This relation may be exhibited by representing 
the solubilities graphically in the usual manner, when it is noticed 
that the curves of solubility of the most fusible turn up most rapidly, 
whilst the solubility of those less fusible increases nearly in propor- 
tion to the temperature, and the curves therefore approach a straight 
line. This is well seen in the case of two such salts as potassium 
chloride and potassium chlorate, or sodium chloride and potassium 
ni trate. 
Peeling satisfied that the connection between fusibility and solubility 
observed in the salts referred to would be found to exist in other cases, 
I have lately been inquiring into the points of fusion of hydrated 
salts and their solubility below these temperatures. Very few of the 
melting points of salts containing water of cry stallisation could be 
found recorded, and I have therefore had to make a number of expe- 
riments. For assistance in this, and in the determination of solubility 
in a few cases, I am indsbted to Mi-. George Lloyd, lately a student 
in the Mason College Laboratory. 
The melting points were ascertained in the following manner :- 
Near to one end of a piece of tubing, drawn out very thin, and about 
a millimeter in diameter, a narrow strip of moist filter-paper was 
introduced, and the end then sealed. The tube was then bent twice 
at right angles, and into the upright open end was dropped a small 
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TILDEN ON THE MELTING POINTS. 267 
clear crystal or fragment of a crystal of the salt, and the tube was 
then attached to a thermometer. Some preliminary trials having 
indicated the melting point of the salt within a few degrees, the ther- 
mometer and tube were stirred round in water or sulphnric acid a 
little below that temperature, and contained in a beaker placed over it 
lamp. The object of the damp paper at the bottom of the tube is to 
supply water-vapour, and so diminish the tendency of the salt to 
effloresce. 
I n  many cases the melting point can be thus determined within 
half a degree, but though several experiments weremade in each case, 
the observations make no pretence to great accuracy. This is due 
chiefly to the fact that  many salts are resolved into a mixture of liquid 
and solid, and the temperature a t  which this occurs is sometimes diffi- 
cult to observe. The fact is these salts seem to beincapable of enter- 
ing into true fusion, the partial liquefaction being the result of the 
formation of a crystalline hydrate containing a smaller proportion 
of water. This happens notably with the sulphates of zinc, cobalt,, 
nickel, and iron. On the other hand there is often no sign of dis- 
sociation, as in the alums and many other salts, if the experiment 
is carefully performed. Of the following salts, the melting points 
have been given in two or three cases by other observers, but, 
except where an  authority is mentioned, I have verified them all. 
X imp Ile S ulp hat es- 
5IgSO4,7H,O. ................ 
ZnS0,,7H20 .................. 
NiS04,iH,0 .................. 
FeS0,,7H2O .................. 
MnS04,5Hz0. ................ 
CoSO4,7H,O .................. 
CdSO4,GHZO.. ................ 
CuS04,5H,O .................. 
A&( SOa)3,18H,0 .............. 
Na2S04,10H20 ................ 
KA1 (SO,) ,,12 H,O ............ 
Double Sulphates- 
NH,Al(SOa)2,12HZO .......... 
NaAl( SOa)2,12H,0 ............ 
RbAl(S04)2,12HO ............ 
CsAl(SOa)z,12HzO ............ 
C O ( N H ~ ) ~ ( S O ~ ) ~ , ~ H , O . .  ..... .. 
KCr( S0,),,12H20 ............ 
m. p. 
70" 
50" 
96-98' 
98-100" 
64" 
54" 
D* 
I) 
D 
34" 
84.5" 
92' 
61 O 
99" 
89"t 
D 
105-106" 
* D = gives off its water without melting. 
t Converted into green salt. 
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Double Sulphates- m.p. 
Ni( NH,), ( S  04),,6H02 .......... D 
NiK,(S04),,6H,0.. ............ D 
MgK2( S04)2,6H,0 ............ D 
Mg(NH1)2(SO4)z76H,O. ......... D 
Na2CrOa,10H,0. ............... 23" (Berthelot) . 
Chromate- 
Arsenate- 
NazHAs04,12H20. ............. 
Na,HP04,12H20 .............. 
Phosphate- 
KH,P04 (anhydrous) .......... 
Chlorides- 
BaC1,,2H20 .................. 
SrC12,6H20 ................... 
CaC1,,6HZ0 .................. 
Carbonate- 
Na2C03,10H,0 ................ 
Oxul ixtes- 
HZC?04,2H20 .................. 
(NHI)ZC2O,,H,O .............. 
Acetates- 
NaC2H,O2,E2O ................ 
CU (C,H3Oa)2,H,O .............. 
28" 
35" 
96" 
D 
112" 
28" 
3 4" 
98.5" 
D 
58.5" 
D 
Borate- 
Na2H2B406,9H20 .............. 75.5" 
Theiosu@hate- 
Na,S203,5H20 ................. 48.5" 
Nitrates- 
Ca(N03)z74H?0.. .............. 
Mg(N0,),,6H20. ............... 
Ni(NO&,6H20 ................ 
Cd(N03),,4H,0 ................ 
Ca( N0,),,6H20 ................ 
Cu (NO,) ,,3H20 ................ 
Zn(N03)2,6H20 ................ 
Mn(N03),,6H,0 .............. 
44" (Ordway) 
90" 99 
56.7" ,, 
59.5" ,, 
36.4" 7 7  
25.8" ,, 
26.4" ), 
114.5" ), 
The temperatures given above, at which incipient fusion occurs, 
are in many cases the temperatures at which the turning point in the 
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curve of solubility occurs. It appears therefore probable that the 
crystallised hydrates, even when in solution, are completely diaso- 
ciated within comparatively narrow limits of temperature. One of the 
most striking examples is of course sodium sulphate, but similar 
phenomena are exhibited by sodium carbonate and chrdmate, and by 
manganous, ferrous, and other sulphates. This dissociation must also 
be the cause of the fact that the solubility a t  or about the melting 
point of so many salts is less than would be otherwise expected. 
It must, however, be pointed out that  salts like sodium sulphate and 
phosphate, which may be melted in thnir water of crystallisation, are 
miscible with water a t  the same temperature in all proportions, in 
other words the solubility of the crystallised salt is infinike. Hence 
there must be something wrong in some of the recorded solubilities of 
such salts at these temperatures. 
I f  we take from the list salts which are isomorphons with one 
another and contain the same amount of water of crystallisation, 
and which alone are comparable amongst themselves, we find that 
the solubility and fusibility stand in the same order at all tempera. 
tures below the point of fusion or dissociation of the hydrate. 
The following are examples :- 
The solubility is taken to be the weight of crystallised salt dis- 
solved in 100 parts of water :- 
Zinc and Maguesium Xulphutes. 
Solubility a t  
A 
m.p. 00. 40'. 5 0": 
Zinc .......... 30" 115.2 284 263.8 
Magnesium.. .. 70" 72.4 178 212*6(at 49") 
Alu.ms. 
Solubility at  
r------------- 7 
m.p. 0". 17". 20". 50". 
- - Sodium ...... 61" 110 - 
Potassium .... 88.5" 3.9 - 15.13 44.12 
Rubidium. .... 99" - 2-27 (Redtenbacher, Watts's 
Cesium ...... 105-106" - 0.619 D i d . ,  5, 580-583). 
X c d i z m  Arseniate a id  Phosphate. 
Solubility at 
h--7 
LIP. '0.. 20". 
Arsenate ...... 28" 1 7 9  140.7 (at 21") 
Phosphate .... 3.5" 6.5 27.2 
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270 DIVERS AND SHIMIDZU ON 
Calcium and Xtron  fium Chlorides. 
Solubility at -
m.p. 0". 40". 
Calcium . . . .'. . 28" 165-7 7141.0 
Strontium . . . . 112" 106.2 205.8 
Information is yet wanting as to the solubility of many of the salts 
in the list. 
It is of course not maintained that fusibility is the sole cause of 
solubility, for amongst the commonest phenomena of solution are 
very many difficulties which cannot be explained away. But there 
can be no doubt that fusibility and' solubility are closely connected 
together, and I have ventmed to bring the subject under the notice of 
the Society, because it can scarcely be advanced any further till a 
much greater store of experimental data has been accumulated. 
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